and 640 GeV, we find LHC data can still accommodate L between 150 and 300 GeV after giving up the η cut. Using the single W search bound, we can obtain an approximate upper bound as 300 GeV.
Discovery of a 125 GeV Standard Model (SM)-like Higgs boson
at the CERN Large Hadron Collider has dramatically improved our knowledge on mass generation for elementary particles in SM [1] . However, clear evidence for physics beyond SM lies in experimental confirmation of sub-eV neutrino masses based on distance/energy dependence measurements in various neutrino oscillation experiments [2] . Being complete neutral under unbroken gauge symmetry SU(3) C × U (1) EM , neutrino can be Majorana fermion. Moreover, Majorana nature of neutrino also ensures the uniqueness of hyper-charge assignment predicted by gauge anomaly free conditions [3] . The total mass of neutrino states and upper bound on neutrino charge 1 are given in [5] . 
The most elegant proposal of neutrino mass generation is the "seesaw" mechanism [6, 7] where the tiny but non-zero neutrino mass the mechanism can be naturally embedded into grand unification framework [7] . In addition, "see-saw" mechanism can naturally account for the observed baryon asymmetry of the universe from WMAP seven year results [8] through "leptogenesis" [9] Y B ≡ 
where ρ B is the baryon number density and s is the entropy density of the universe. On the other hand, the "see-saw" mechanism is unlikely to be direct tested experimentally in near future. Heavy singlet fermion with strong Yukawa coupling to the Higgs boson leads to huge correction to the Higgs boson mass as δm
2 log(q/M R ) [10] . Supersymmetry is then inevitable to stabilize the Higgs boson mass while low energy supersymmetry suffers severe direct search bounds at LHC. Thermal leptogenesis also requires lower "see-saw" scale of O (10 9 GeV) with smaller Dirac neutrino Yukawa couplings and large hierarchies in the right-handed neutrino masses [11] . Therefore, there are alternative proposals to generate neutrino masses within TeV. 
Even though there also exists large hadronic uncertainty, it may also imply TeV scale extension of SM in the leptonic sector.
Taking an effective field theory approach, neutrino mass in these models can be categorized into higher dimensional operator (φ n /Λ n+1 ) hh with n = 0. For cut-off Λ within TeV, φ is typically KeV-MeV known as inverse "see-saw" [13, 14] . Neutrinoless doublet-beta decay (0νββ) experiments played important role in testing the Majorana nature of neutrino however the amplitude is always proportional to the light neutrino mass which is highly suppressed. Similarly, Majorana neutrino of O(10
can also be directly produced at the colliders and lead to like-sign di-lepton signature. The production is through with highly suppressed mixing and Majorana neutrino up to 375 GeV that consistent with 0νββ-decay bounds can be reached at 14 TeV LHC with 100 fb −1 data [15] . The Higgs boson can also decay into sterile neutrino state if the Dirac Yukawa coupling is large and kinematically allowed which may reduce the Higgs decay branching ratio of conventional channels. On the other hand, with di-photon ratio R γ γ 1 in Higgs measurement, there is no enhancement in gluon fusion production and such reduction in BR due to enlarged total width is very unlikely. In some other models, exotics can be produced via gauge interaction with lepton number violation occurring in decay [16] . In particular, doubly charged scalar produced in pair has very distinguished predictions at hadron colliders with negligible background. Two representative models that predict doubly charged scalar are the Zee-Babu model that involves SM singlet scalars and TeV type-II "see-saw" model that involves SU (2) 
At Tevatron experiments, both CDF and D/ 0 also found central values significantly larger than the SM predictions but the error bars were also large [19] . On the other hand, combined analysis of LEP II experiments [20] put stringent bounds on pure leptonic W pair below √ s ≤ 206 GeV with R W + W − = 0.995 ± 0.008 which is the ratio of measured production cross section for W + W − pair and the SM prediction. There are attempts to explain the excess through new resummation calculation [21] but the excess has also generated several proposals based on supersymmetric models, in particular, light top squark in "natural SUSY" scenario [22] . while Drell-Yan production rate of scalar pair with mass greater than 103 GeV is much smaller than 1 pb and they are much easier to be accommodated in the measurement, for instance, singly charged scalars in a model of radiative neutrino mass generation [23] . If the O(10 pb) excess in W W measurement is completely due to leptonic exotic new physics, one will need larger production. Therefore, in this paper, we focus on inverse "seesaw" (also known as TeV "see-saw" ) scenarios with singly charged fermionic extension. Singly charged fermionic states typically arise from new SU(2) double or triplet fermions. In TeV Type-III "see-saw" [24] , a singly
However, Σ ± Σ 0 production which is larger than Σ + Σ − pair production simultaneously predicts multi-lepton final states which suffer much severe experimental constraints.
We now investigate a model with exotic doublets [14] . A pair
where l is the
φ is a singlet scalar with mass of O(MeV) that decays into neutrino thus completely invisible in the detectors. Light neutrino mass arises as the dimension-seven operator, processes and the y should be carefully chosen to be consistent with flavor physics constraints, for instance, μ → eγ etc. For precision electroweak measurements, introduction of vector like doublets minimizes the contribution to S-parameter but the Yukawa couplings Y to the SM-like Higgs should be less or equal to 0.2 or so constrained by the T -parameter [14] . On the other hand, these couplings only appear in decays of exotic leptons and do not change the qualitative feature of collider phenomenology.
The Majorana neutrino N in the model can potentially be tested by neutrinoless double-beta decay as well as the direct production at the hadron colliders. On the other hand, the current bound on 0νββ-decay [25] , |U eN | 2 10 −5 for M N 1 TeV which is easily satisfied in the model and can at the same time evade the direct search bound at 14 TeV LHC [15] .
In the SU(2) limit, L 0 and L − are nearly degenerate and L − → L 0 π − decay partial width is extremely small. However, as long as y is not highly suppressed,
decay will dominate. The new neutral fermion L 0 is completely invisible. The singly charged exotic lepton decays into SM charged lepton plus / E T which is identical to leptonic W decay experimentally.
The exotic fermions pair of L ± and L 0 can be produced at LHC
where the di-lepton mode can be mis-identified as leptonic W + W − while the single-lepton mode is also subject to test at direct search for W . To obtain the lower bound from collider bound, we first assume that the excess of O(10 pb) in W W measurement is completely due to new physics contribution. Fig. 1 Lepton universality is well tested at W + W − pair measurements and the excess has been observed in all lepton final states e + e − , μ + μ − as well as e ± μ ∓ . Therefore, it also puts stringent constraints on L ± decay. There are in principle three generations of L ± and their decays are determined by the y ij . The exotic lepton L ± decays into electron or muon (12) through the Yukawa type of interactions y ij L c i l j φ. The structure of Yukawa couplings y ij and the mass spectrum of L i may in principle affect the neutrino mass spectrum as in Eq. (9) . However, this model contains much more freedoms than original "see-saw" mechanism [6] and therefore, y ij and L-mass matrix M are less constrained. To keep the lepton universality, the simplest approach is that the lightest L states dominated decay into τ ± φ and the excess arises from τ ± → μ ± νν or τ → e ± νν which makes about 17% of τ decay each. The leptons from τ decay are typically softer than leptons directly from W ± decay. But, with larger mass, τ -boost from L-decay is more significant than τ s from W -decay. In addition, leptons from left-handed polarized τ are also moving in the τ -boosted direction. With all these factors taken into account, the lepton cut survival probability is expected to be higher than leptons from τ decaying from W s but less than the direct leptons from W decay. Therefore, the production rate can be much larger and the mass can be even lower. Therefore, even though with challenge, it is still possible to achieve the universality. To illustrate the feature, in this paper, we discuss an over-simplified scenario with lepton universality for L-decay with decoupled L 2 and L 3 so that y 1e ∼ y 1μ ∼ y 1τ . The structure may suffer from constraints from lepton flavor violation tests. The large mixing between different generation leptons may lead to large flavor violation mediated by φ and the model may be severely constrained by bounds on μ → eγ or τ → μγ , τ → eγ .
But, with the contribution proportional to y 4 , this bound can be evaded by making y ij smaller and this is irrelevant to collider phenomenology as long as the L decay is not in meta-stable or long-lived range. On the other hand, as we argued, Eq. (9) connects y ij with neutrino mass matrix. However, even taken y ij as universal, there are as many degrees of freedom as Type-I "see-saw" mechanism and one should be able to accommodate viable neutrino mass matrix just as in Type-I "see-saw" mechanism. If L 2 and L 3 are of 200 GeV, the production rate of L 2 , L 3 pairs is only few percent of L
W search around this mass range is much less constrained due to background [5] . With L 2 , L 3 decoupled, we neglect the notation i of L i in the following discussion and focus on the lightest L i production. Fig. 2 
We plot the normalized lepton
p T distribution from L ± → ± φ decay of L + L − pair in
in comparison with leptons in
where K QCD is the perturbative QCD K -factor for this Drell-Yan processes which is about 1.6 for 8 TeV LHC Drell-Yan production of weakly interacting particles of O(100 GeV). By taking a central .
On the other hand, the SM W − decay W − → τ −ν , τ − is also left-handed polarized. Hence, τ -polarization cannot be used to distinguish the two channels. Since L is not significantly heavier than m W , distribution like M is also very similar to the SM W W case. MT2 reconstruction may not have this resolution to distinguish such 100 GeV-ish resonance from leptonic W . We therefore can conclude that the lower limit for L is 125 GeV given the current measurements at colliders. Table 3 of [27] for N jet = 0, without the cuts over di-lepton angle, the exclusion bound is then released. Since the L + L − production is at the beginning smaller than the SM-like Higgs, we argue the heavy Higgs search do not exclude the 150-300 GeV region of L.
On the other hand, L ± L 0 → ± + / E T production is much larger than the L + L − production and the final state is identical to the s-channel leptonic W search. Therefore, we also take into account the leptonic W search at colliders. Bound from leptonic W search at Tevatron is rather weak which is only available for 0.2 fb −1 of Tevatron data. The σ (pp → W ) × BR( ν) limit for 200-300 GeV W is between 1.5 pb and 300 fb [28] while the L ± L 0 production of similar mass range at Tevatron is much smaller than this number. At 8 TeV LHC, L ± L 0 production for 300 GeV L is 18 fb. The most stringent bound on leptonic W search comes from the CMS collaboration using 20 fb −1 of data at 8 TeV LHC which has pushed the sequential W to about 3 TeV [29] . Fig. 3 shows the p T distribution of leptons from L of 300 GeV pair production and s-channel W of 300 GeV. It is clearly the two signal share almost the same cut survival probability for p T while the L + L 0 has even larger cut survival probability for / E T distribution. At CMS, the observed limit (71 fb) for 300 GeV W is higher than the expected limit (49 fb) by 20 fb which is way smaller for sequential W but the L ± L 0 signature can marginally fit in. The room is much smaller for W search above 300 GeV. We therefore take the 300 GeV as the upper limit for L.
Finally we study the implications to muon g − 2 from the model. Muon g − 2 is a helicity-flipped contribution which is directly correlated to muon mass generation. Since neutrino mass and muon mass usually arise from completely different source, there is no direct correlation between muon g − 2 and neutrino mass generation. When the light sterile neutrino mixes into the light neutrino state in inverse "see-saw" scenarios, the weak coupling is usually reduced and results in the W -loop contribution to muon g − 2 which is positive contribution preferred by observation. The exotic lepton L ± can couple to left-handed lepton as (14) which contributes to muon g − 2 from φ mediated loop and the contribution is [30] 
therefore we obtain an approximate form in the limit of light φ,
The contribution to muon g − 2 is positive which is consistent with the experimental observation. However, with M L 125-300 GeV, in order to get 200 × 10 −11 , y must be larger than 1. As we mentioned, φ contribution to flavor violation is inevitable. If the muon related Yukawa is larger between 1 and 10, there must exist a scenario to significantly suppress the electron Yukawa as well as the tau Yukawa which is very un-natural and requires Y and M N to be tuned to achieve realistic neutrino mass spectrum. Due to this highly fine-tuned structure required by flavor physics, we argue it is very unlikely for this model to explain the muon g − 2 anomaly.
Conclusion
We investigate a TeV neutrino mass generation model that predicts singly charged leptonic exotics. The collider signature of this model may mimic the leptonic W W search and evade all other searches. With introduction of new SU(2) L doublet leptons, singly charged exotic leptons L ± decay into L ± → ± φ where φ is a light singlet scalar of O(MeV) that decays into neutrinos. Drell-Yan production of L + L − → + − + / E T fits leptonic W W searches and L ± L 0 → ± + / E T is completely buried in SM background. We focus on the direct lepton from L-decay in the study and find the lower mass bound as 125 GeV of such exotic leptons that can be accommodated by the current measurements of W W searches at the LHC. To derive the upper bound, we employ both heavy Higgs boson search of di-lepton plus / E T final state and leptonic W search of single lepton plus / E T . Even though heavy Higgs is excluded between 260 and 640 GeV, we find LHC data can still accommodate L between 150 and 300 GeV after giving up the η cut. Using the single W search bound, we can obtain an approximate upper bound as 300 GeV. Implications of this model to muon g − 2 are also discussed. Even though the contribution is positive, the required Yukawa coupling y must be larger than the one which is dis-favored by lepton flavor violation experiments.
